This study aimed to evaluate the prognostic value of combining pretreatment Epstein-Barr virus (EBV) DNA level and cervical node necrosis (CNN) for patients with nasopharyngeal carcinoma (NPC) receiving intensity-modulated radiotherapy (IMRT).
| INTRODUCTION
Nasopharyngeal carcinoma (NPC), a group of malignant epithelial tumors with different etiopathogenesis and a broad range of clinical symptoms, are endemic in southern China and southeast Asia. On account of the concealed anatomical location of the nasopharynx, this cancer tends to be diagnosed at an advanced stage of the disease at a patient's first visit, and up to 85% of patients have regional lymph node metastasis at the time of diagnosis. 1, 2 Regarding treatment, concurrent chemoradiotherapy with or without adjuvant chemotherapy is considered the standard modality. In addition to IMRT, survival outcome has greatly improved in NPC patients. However, approximately 20%-30% of logically advanced NPC patients experience distant metastases. 3, 4 If high-risk patients can be selected before therapy and treated with intensive treatment, more person-specific therapy can be provided.
Numerous efforts have been made to study tumor-related prognostic factors for NPC patients in recent years. One of the most significant factors is pretreatment plasma Epstein-Barr virus (EBV) DNA, which is clinically employed for the diagnosis, risk classification, dynamic monitoring, and prognosis of NPC. [5] [6] [7] [8] [9] Pretreatment plasma EBV DNA level is an adverse independent prognostic factor for NPC patients. 7 Chan et al demonstrated that one of the origins of EBV DNA was derived from tumor cell death. 10, 11 Tumor cell necrosis may predict tumor hypoxia, and both of these factors, in addition to resistance to radiation are closely correlated with tumor volume. [12] [13] [14] [15] As Ma et al demonstrated, total tumor volume, including primary tumor and regional nodes were significantly associated with pretreatment levels of EBV DNA in NPC. 12 Lan et al also demonstrated that cervical node necrosis (CNN) is a negative prognostic factor for NPC. 16 Based on these findings, we aimed to examine the association between EBV DNA level and CNN outcomes. High EBV DNA levels were hypothesized to be related to CNN and poor survival outcome. Consequently, pretreatment plasma EBV DNA levels correlate with CNN status and could become new prognostic tools in refining the current evaluation system. Here, we conducted a cohort study to assess whether a combination of plasma EBV DNA level and CNN status improved prognostic stratification in patients with NPC.
| MATERIALS AND METHODS

| Patient characteristics and pretreatment evaluation
A total of 607 incident, histologically confirmed, nonmetastatic NPC patients were enrolled in this study between December 2006 and December 2012. Patients were aged between 18 and 79 years (the median age was 44 years). Our retrospective study was approved by the ethics committee of Sun-Yet Sen University, China. All patients underwent a pretreatment workup, which included complete medical history and hospital experience. Clinical examination include magnetic resonance imaging (MRI) of the nasopharynx and cervical regional, plasma EBV DNA assessment, pathologic biopsy or consultation, computed tomography (CT) or chest film, abdominal sonography, whole body bone scan or positron emission tomography-computed tomography. These details were included in the cancer center hospital record. Furthermore, all patients had lymph node metastases, which included retropharyngeal lymph nodes or cervical nodes, without distant metastases.
The male to female (n = 439) ratio was 2.6:1. Patients had histologically confirmed, nonkeratinizing NPC, which included WHO type II (24 of 607; 4%) and III (583 of 607, 96%), respectively. These patients had no other serious illness or cancer-associated disease, although 14.5% (88 of 607) had family history of NPC or other cancer type. 
| Treatment strategies
All patients were treated with 1.8-2.27 Gy per fraction with five daily fractions per week using IMRT technique, for a total of 6-7 weeks. Cumulative radiation doses were 60-75 Gy to the gross tumor target of the nasopharynx (GTVnx) and 50-70 Gy to the involved neck area (GTVnd). All potential regions of local target volume and cervical lymphatic nodes were treated with 50-64 Gy or greater. To improve the therapeutic results in our NPC cohort, we adopted a standard treatment regimen, which included concurrent chemoradiotherapy (CCRT) ± neoadjuvant/adjuvant chemotherapy. Cisplatinbased CCRT was the most common treatment method, which included cisplatin 80-100 mg/m 2 every 3 weeks for 2-3 cycles. *The 7th AJCC/UICC staging system. described in previous studies. 9, 18 The cutoff value for pre-EBV DNA was set at 4000 copies/mL, which was selected as the definition low and high EBV DNA levels, as has been previously established. 5, 19, 20 All patients underwent MRI with a 1.5-or 3.0-T system (Signa CV/i GE HealthCare) or CT with a dual-helix CT Imager (Picker MX Marconi Twin flash). In our cancer center, two or three radiologists who specialized in head and neck cancer reviewed all MRI scans separately with no knowledge of patients' clinical outcomes. The diagnostic criteria of CNN on MRI was based on T2-weighted images showing a focal area of high-signal intensity or T1-weighted images displaying a focal low-signal intensity with or without contrast-enhanced images. 21 In this study, we regarded the parapharyngeal lymph node as CNN ( Figure 1 ). According to a previous study by Chung et al, the mean size of the greatest diameter of cervical lymph node, was 27 mm in patients with head and neck squamous cell carcinoma. 22 In our study, we used 27 mm as the optimal cutoff value of the lymph node size. In addition, we performed a Spearman correlation analysis between CNN and the maximum diameter of the lymph node. In this study, all patients were divided into four subgroups: high-level EBV DNA and CNN grouping (HLE and CNN), high-level EBV DNA and non-CNN grouping (HLE and non-CNN), low-level EBV DNA and CNN grouping (LLE and CNN), and low-level EBV DNA and non-CNN grouping (LLE and non-CNN).
| Quantification of plasma EBV DNA level and assessment of CNN
| Follow-up
Follow-up duration of our patients was calculated from the first day of therapy to the last day of death or examination.
Patients were regularly checked once every 3 months in the first year, once every 3-6 months, or annually during the subsequent years according to the results of the last checkup, or the time at which the patients were available for checkup especially if this had a bearing on outcome. The primary endpoint was progression-free survival (PFS), and the secondary endpoints include overall survival (OS), locoregional relapse-free survival (LRFS), and distant metastasis-free survival (DMFS).
| Statistical analysis
The Statistical Package for the Social Sciences, version 23.0(SPSS) was used for data analysis. The relationship between the plasma EBV DNA level and CNN was evaluated using the χ 2 test. Kaplan-Meier methods were used to analyze the OS, PFS, LRFS, and DMFS, while the log-rank test was used to compare the differences between survival curves. Univariate and multivariate analysis employed the Cox proportional hazards model to determine significant prognostic factors, which included: gender, age, WHO histological type, smoking, NPC family history, T category, N category, and other relevant factors. Two-tailed P-values < .05 were considered statistically significant. Figure 3 .
In the multivariate analysis, the pretreatment high EBV DNA level was demonstrated to be an independent prognostic factor for OS (HR = 2.166, 95% CI: 1.258-3.26, P = .005), PFS (HR = 1.619, 95% CI: 1.100-2.382, P = .015), and DMFS (HR = 1.795, 95% CI: 1.107-2.910, P = .018), but it was not statistically significant for LRFS.
| Incidence of CNN and survival outcome
Among the entire cohort of 607 patients with positive lymph node metastases, the incidence of CNN was 183 (30.1%); age, gender, WHO pathology, T stage, N stage, overall stage, and type of treatment according to lymph node status is listed in Table 1 . The incidence of CNN in N1, N2, and N3 stage was 20.2% (54 of 267), 36.4% (108 of 297), and 48.8% (21 of 43), respectively (P < .001). The rates of non-CNN and CNN in clinical stages II, III, and IV were 85.9% and 14.1%, 68.8% and 31.2%, and 65.8% and 34.2%, respectively ( Figure 2 ). There was no significant difference in the distribution of gender (P = .236), age (P = .860), WHO pathology (P = .256), T category (P = .574), or type of therapy (P = .565) while significant differences were observed for N category (P < .001) and overall stage (P = .035) when the patients were stratified by CNN.
In our study, all NPC patients with positive lymph node metastasis. We measured the maximum diameter of lymph node. Among them, 17.6% (107/607) individuals had a maximum diameter in excess 27 mm. Of the 183 CNN patients, there were 62.6% (67/183) patients who reached the maximum diameter of the lymph node exceeding 27 mm. In the 424 non-CNN patients, only 40 (9.4%) patients exceeded 27 mm for the maximum diameter of lymph node. However, in the CNN group, 67 (62.6%) patients achieved or exceeded that size. Furthermore, CNN was significantly related to the maximum diameter of lymph node, with a correlation coefficient of .327 (P < .001).
In the CNN group, 16.9% (31/183) of patients died, while 16/183 (8.7%) and 31/183 (16.9%) developed local regional recurrence and distant metastases, respectively. In contrast, in the non-CNN group, only 6.4% (27/424) and 10.8% (46/424) developed local regional recurrence and distant metastases, respectively, while 7.5% (32/424) patients died. Similarly, patients in the CNN group had shorter OS, PFS, and DMFS compared with those in the non-CNN group. The 5-year OS, PFS, and DMFS for the non-CNN group and CNN group were 95.0% vs 86.9%, 88.0% vs 77.8%, and 92.5% vs 84.2%, with corresponding P-values of .000, .003, and .020, respectively. However, there was no significant difference in the 5-year LRFS between the CNN and non-CNN group (P = .181). Kaplan-Meier survival curves for the four groups are shown in Figure 4 .
When entered into multivariate analysis, gender, T stage, N stage, EBV DNA level, and CNN were significant independent negative prognostic factors for survival. Multivariate analyses also demonstrated that CNN was an independent prognostic factor for OS (HR = 1.927, 95% CI: 1.129-3.290, 
| Association of EBV DNA level and CNN
Using Spearman correlation analysis, we found that the EBV DNA level correlated significantly with CNN, with a correlation coefficient of .324 (P < .001) ( Table 2 ). We also found that the correlation analysis indicated that N classification correlated significantly with CNN, with a correlation coefficient of .203 (P < .001). The relationship between CNN and the maximum diameter of lymph node is closed, with a correlation coefficient of .327 (P < .001).
| Combination of EBV DNA level and CNN status improved prognostic stratification
According to the aforementioned analysis, both EBV DNA level and CNN were independent prognostic factors for OS, PFS, and DMFS (Table 3) . Therefore, we stratified the entire population into four groups using the 1% (110 of 607) , respectively. In these four groups, the 5-year OS was 97.4%, 93.3%, 88.1%, and 81.9% (P trend < .001); 5-year PFS was 90.5%, 85.0%, 80.7%, 72.1% (P trend = .001); and the 5-year DMFS was 94.1%, 90.1%, 87.9%, and 79.3% (P = .005), respectively. Kaplan-Meier survival curves for the four groups are shown in Figure 5 .
From the Figure 5 , the high-level EBV DNA and CNN group had the poorest survival outcomes, while the low-level EBV DNA and non-CNN group had the best survival outcomes. Compared with the low-level EBV DNA and non-CNN group, the high-level EBV DNA and CNN group had poor OS, PFS, and DMFS. 467 (1.176, 5.179 ) .017 2.157 (1.254, 3.710 ) .005 CNN(yes vs no) 1.927 (1.129, 3.289 
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| DISCUSSION
To the best of our knowledge, our study is the first retrospective study that combined pretreatment plasma EBV DNA level and CNN status to assess the prognosis of NPC patients. We observed a significant association between plasma EBV DNA level and CNN status in the IMRT era, which we believe has important clinical relevance. In a previous study, Lan et al demonstrated that cervical nodal necrosis was an independent negative prognostic factor in NPC patients. 16 Our study indicated that CNN status and also combination of pretreatment plasma EBV DNA level and CNN status are strongly associated with survival outcome in NPC patients.
The detection of tumor-associated DNA, such as plasma EBV DNA in NPC, has created new possibilities for early detection of tumor. More than 95% of patients with NPC can be tested for this plasma marker by quantitative polymerase chain reaction, a rapid and sensitive technique. 9, 23 According to previous studies, pretreatment EBV DNA is one of the most significant prognostic factor of NPC, and is clinically employed for the diagnosis, risk classification, dynamic monitoring, and prognosis of NPC. [5] [6] [7] [8] [9] 19 As other group concluded, one of the origins of EBV DNA that is detectable in plasma, is derived from tumor cell death. 10, 11 In addition, many clinicians accept that pretreatment plasma EBV DNA reflects the NPC gross tumor burden, and the level of plasma EBV DNA is strongly correlated with the TNM classification and overall stage. 18, [24] [25] [26] [27] [28] [29] Many studies have demonstrated that pretreatment EBV DNA with a cutoff value at 4000 copies/mL has a better prognostic value. 19 In our study, we also employed this optimal cut-off, and found that high-level EBV DNA predicted high risk and worse survival outcome, while pretreatment plasma EBV DNA > 4000 copies/mL had a worse 5-year OS, PFS, and DMFS. This result is similar to a previous study. 11, 30 Recent evidence indicates CNN is a negative prognostic factor in NPC. 16 Don and colleagues previously reported that central necrosis is correlated with increasing nodal size, 31 and is a signal for tumor metastases in head and neck squamous cell carcinoma. [32] [33] [34] [35] [36] [37] In our study, we also found that patients in the CNN group had a poor survival outcome, compared with the non-CNN group. As mentioned above, tumor necrosis may indicate tumor hypoxia and the most important source of plasma EBV DNA is tumor cell death. Consequently, we postulated that there may be an association between EBV DNA level and CNN status. After we performed correlation analysis, we found that EBV DNA level correlated significantly with CNN, with a correlation coefficient of .324. Generally, the larger tumor volume, the more likely it is that there would be high-level EBV DNA and necrosis.
Although there are many prognostic factors in NPC, distant metastasis is the main reason for treatment failure. Consequently, we performed a large retrospective study to determine the combined prognostic value of EBV DNA level and CNN status in an attempt to elucidate more effective treatment regimens. Based on this work, we propose a prognostic model to assess new stratification of individual NPC patients receiving IMRT treatment into four risk groups. The low-level EBV DNA and non-CNN group of patients had better survival outcome than the low-level EBV DNA and CNN group, the high-level EBV DNA and non-CNN group, and especially the high-level EBV DNA and CNN group. Patients with a high-level EBV DNA and CNN status had a significantly higher 4.5-fold risk of death (HR, 4.526; 95% CI: 2.319-8.835), significantly higher PFS (HR, 2.473; 95% CI: 1.572-3.890), and significantly high DMFS (HR, 2.473; 95% CI: 1.572-4.286) than those patients in the low-level EBV DNA and non-CNN group. The combined stratification was an independent and negative factor for OS, PFS, and DMFS. It appears that the combination of factors improved prognostic ability.
NPC is both a radiosensitive and chemosensitive carcinoma and clinical outcome tends to be encouraging, compared with other cancer where radio-and chemoresistance are problematic. 38 In our study, we demonstrated that in patients with high-level EBV DNA and CNN status, who were a high-risk group, had worse survival than other groups. While the exact mechanism associated with poor survival in the high-risk group is not clear, it could appear that an increase in the intensity of therapy can be made according to our classification. However, there are some drawbacks to our study. The first limitation is the assessment of CNN was reached by two or three radiologists who specialized in head and neck cancer and they reviewed all MRI scans separately. Furthermore, they used this diagnostic modality, rather than cervical nodal biopsy, which is the most informative examination but invasive. The second limitation is that all NPC patients originated from one single institution. Therefore, more population-based studies are required to confirm our conclusions.
| CONCLUSION
The status of cervical lymph nodes and pretreatment plasma EBV DNA level are negative prognostic factors and both were closely correlated in NPC patients. During the IMRT era, a combination of pretreatment EBV DNA level and CNN status can improve risk stratification and prognostic value allowing available and noninvasive examinations to be performed.
